S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal Pre-proof % - CONTROL

___ CONTROL
[ CONTROL
: . = CONTROL
Food Products as Potential Carriers of SARS-CoV-2 CONTROL
CONTROL
Reza Yekta, Leily Vahid-Dastjerdi, Sahar Norouzbeigi, Amir M. Mortazavian CONTROL
=~ CONTROL
PII: S0956-7135(20)30670-8
DOI: https://doi.org/10.1016/j.foodcont.2020.107754

Reference: JFCO 107754

To appearin:  Food Control

Received Date: 31 October 2020

Accepted Date: 7 November 2020

Please cite this article as: Yekta R., Vahid-Dastjerdi L., Norouzbeigi S. & Mortazavian A.M.,
Food Products as Potential Carriers of SARS-CoV-2, Food Control, https://doi.org/10.1016/
j-foodcont.2020.107754.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Ltd.


https://doi.org/10.1016/j.foodcont.2020.107754
https://doi.org/10.1016/j.foodcont.2020.107754
https://doi.org/10.1016/j.foodcont.2020.107754

Food Products as Potential Carriersof SARS-CoV-2
Reza Yekty Leily Vahid-Dastjerdi, Sahar Norouzbeitji Amir M. MortazaviaA’

!Student Research Committee, Department of Fooch&eiand Technology, National Nutrition and Food
Technology Research Institute, Faculty of Nutriteord Food Technology, Shahid Beheshti University of
Medical Sciences, Tehran, Iran.

’Food Safety Research Center, Department of Fooen&eiand Technology, National Nutrition and
Food Technology Research Institute, Faculty of Matr Sciences and Food Technology, Shahid
Beheshti University of Medical Sciences, Tehraanir

"Corresponding author:

Amir M. Mortazavian

mortazvn@sbmu.ac.ir




10

11

12

13

14

15

16

17

18

19

20

21

Abstract

At present, humanity is confronting with a novétlihreatening challenge from the COVID-19
pandemic infectious disease caused by the noveheasirus SARS-CoV-2. To date, the various
transmission modes of SARS-CoV-2 have not been t&islp determined. Food products might
be carriers for SARS-CoV-2. The COVID-19 pandemmt only can spread through the
respiratory tract like SARS and MERS but also thespnce of the SARS-CoV-2 RNA in feces
of several patients, shows the possibility of tHecal-oral route spread. Besides, people with
gastric problems, including gastric intestinal npédaia and atrophic gastritis, may be
susceptible to this kind of COVID-19 infection. Axdingly, food may act as a potential vehicle
of SARS-CoV-2 due to whether carry-through or caver contaminationsConsidering carry-
over, SARS-CoV-2 spread from personnel to food peot&lor food surfaces is feasible. Beyond
that, some shreds of evidence showed that pigsrairtuts can be infected by SARS-CoV-2.
Thus, viral transmission through meat products rayconceivable, indicating carry-through
contamination. As the spread rate of SARS-CoV-2high and its stability in different
environments, especially food processing surfaesiso remarkable, it may enter foods in
whether industrialized processing or the traditiamae. Therefore, established precautious acts
is suggested to be applied in food processing .umite present review elucidates the risk of
various staple food products, including meat anétnpeoducts, dairy products, bread, fruits,

vegetables, and ready-to-eat foods as potentigecafor transmission of SARS-CoV-2.

Keywords

COVID-19, SARS-CoV-2, Food, Transmission, Foodleorn
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1. Introduction

At present, notwithstanding food seems safer tham, doodborne diseases are considered as
one of the most predominant agents of morbidity ammitality (Bosch, Pinto, & Guix, 2016).
Food-related outbreaks can be struck by the ingesti food comprising microbial agents (e.g.,
bacteria, viruses, and parasites), or chemicakéms or biological toxins (Bari & Yeasmin,
2018). Progressively, viruses can be highlightedigaificant causative agents of foodborne
infections throughout the world (Miranda & Schaffn2019). Viruses are not able to propagate
or manufacture toxicants in the food; thus, foodsymvork as vehicles for their transition
(Petrove & D’Agostino, 2016). Even though human norovirddo{/) and hepatitis A virus
(HAV) are the most common foodborne viral infecBpbut other viruses, including enterovirus
(EV), human rotavirus (RV), hepatitis E virus (HEVAstrovirus, Aichi virus, sapovirus,
coronavirus, parvovirus, and human adenovirus lpmtential to transmit by food (Petrév&
D’Agostino, 2016).

Coronaviruses are RNA viruses belong to the far@idyonaviridae, order Nidovirales that
can cause disparate infectious diseases such psates/, enteric, hepatic, and neurologic
disorders in different hosts, including humansspigpws, cats, dogs, horses, mice, and birds.
Coronaviruses are categorized into 4 genera: dahss, beta-CoVs, gamma-CoVs, and delta-

CoVs (H. Li, Liu, Yu, Tang, & Tang, 2020). Severeute respiratory syndrome coronavirus 2

Abbreviations:

NoV: norovirus

HAV: hepatitis A virus

EV: enterovirus

HRV: human rotavirus

HEV: hepatitis E virus

SARS-CoV-2: Severe acute respiratory syndrome avious 2
MERS-CoV: middle-east respiratory syndrome corornesvi
COVID-19: Coronavirus disease 2019

ACE-2: angiotensin converting-enzyme 2

RV: rotavirus

GAP: good agricultural practices
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(SARS-CoV-2) is considered as third zoonotic betd€; which have known in the 21st
century. SARS-CoV and middle-east respiratory symdr (MERS-CoV), formerly recognized
beta-CoVs, made important epidemics in the globee [Rtter three viruses chiefly affect the
lungs and give rise tpulmonary infection. The principal confirmed transsion routes of the
latter viruses are animal-to-person and persoretsgmn which can occur through droplets
formed by a cough or sneeze as well as close donticspatters of infected persons. However,
the fecal-oral route of transmission was observestiher members of this family such as canine
coronavirus (He et al., 2020), equine coronaviidenfoto, Schofield, & Cullinane, 2019), and
feline coronavirus (C. Li et al.,, 2019). Althoughet COVID-19 is generally known by
respiratory symptoms, many studies have showndbate patients, contracting this infection
with gastrointestinal symptoms, have viral parsScle their feces (Hindson, 2020). This
observation strengthens the conjecture of the f@@lroute of SARS-CoV-2 transmission. The
result of an investigation on the stability of SARSV-2 in aerosols and on varied inanimate
surfaces manifested that the SARS-CoV-2 can bédevimbaerosols for up to 3 hours and on
some inanimate surfaces such as copper, cardaaidylastic or stainless steel for up to 4, 24,
and 72 h, respectively, indicating the high stapibf SARS-CoV-2 in the environmental
condition (van Doremalen et al., 2020). Becaus#hisf evidence, food matrices may act as a
potential vehicle of SARS-CoV-2. Foodborne virafertions commonly can be transferred
through the fecal-oral route (Miranda & Schaffn2®19). Contamination of foods may happen
via three pathways, including within the food presiag, infected food staffs, and ingestion of
animal-based foods that have a zoonotic virus. Nostanding the recent FDA's statement, no
scientific evidence exists to show a relationshgpsMeen SARS-CoV-2 and food products. The

administration of meat or other parts of infectioaisimals may cause zoonotic foodborne
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illnesses (Ceylan, Meral, & Cetinkaya, 2020). Inr@h between early July to mid-August 2020,
at least 9 occurrences of food contamination by SARV-2 reported on the packaging
materials, storage environment, and surface of itedofrozen raw foods (Han, Zhang, He, &
Jia, 2020). SARS-CoV-2 can be infective on contat@d food products; However, persisting
the infectivity after consumption of foods, and sedpuent viral invasion to body tissues has not

been notified (Thippareddi, Balamurugan, PatelgBj& Brassard, 2020).

To our knowledge, the risk of SARS-CoV-2 transnaasthrough food products has been
evaluated in neither original articles nor reviemes. Therefore, the main purpose of the present
paper is to investigate the risk of various stdpéal products, including meat and meat products,
dairy products, bread, fruits, and vegetables &snpial vehicles for transmission of SARS-CoV-

2.

2.COVID-19

The global population is now facing with unaccustoirspecies of coronavirus, known as
SARS-CoV-2, which caused not only great human ifegal but also a world economic crisis.

Coronaviruses are RNA viruses belong to the fai@ibyonaviridae, order Nidovirales that cause
respiratory infection diseases such as MERS andSSARese viruses are transmitted typically
between animals and humans. SARS-CoV-2, which gigesto COVID-19, is a new species of
the coronavirus and causes a global life-threatedisorder to human health (Bandyopadhyay,
2020; Tang et al., 2020). Before December 2019, kihewn coronaviruses, which cause
infection in humans are including; the alpha-Cotig, beta-CoVs, SARS-CoV, and MERS-CoV
(Gulati et al., 2020). The novel SARS-CoV-2 lead¥l? coronavirus disease, which first

emerged in China and now spread worldwide (Lodigetnal., 2020). Civet cats and camels

were responsible for the transmission of SARS altRM® to humankind, respectively; however,

5
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bats were a natural source of both. Through phylegis, SARS-CoV-2 with 89% similarity, is
correlated to SARS (Jalava, 2020; Pressman, Na&luClemens, 2020) Some recent
investigations propose bats as a possibly origiesgrvoir of the COVID-19 outbreaks, but the
intermediate host of SARS-CoV-2 is secret. Sevanainals such as snakes, pangolins, turtles,
and Pomeranian dogs, were suggested as a postiimediate host of the novel coronavirus
(Dhama et al., 2020; Rodriguez-Morales et al., 2020

Relatively little is known about the nature of thevel COVID-19, but gradually it will
quickly increase. At the beginning of the new epidg for predicting this new disease behavior
and its clinical signs and treatment, former evadefrom past global epidemics of SARS and
MERS was used. The COVID-19 symptoms usually appétar an incubation period of about
5-6 days and up to 14 days in some cases (Q. &li.,e2020). These signs are widely different
and may be similar to other viral infections sushrdluenza (Jalava, 2020). The most common
symptoms which observed related to COVID-19 inclddg cough, fever, dyspnea, headache,
and myalgia or fatigue. Conversely, more rarelynsigat the time of hospitalization are
hemoptysis, shortness of breath, and diarrhea {él1,2020).

The specific receptor for the attachment of SARS~R2o0is found to be angiotensin
converting-enzyme 2 (ACE-2) prevailing predomingmtl the pulmonary epithelial cells (Zhou
et al., 2020). The viral nucleic acids invade teksammediately after attaching the spike protein
to the receptor. Then, SARS-CoV-2 utilizes the &attory to manufacture viral particles to be
proliferated to infect other host cells. To maintéhe organ entity, the immune mechanism
enters to the scene, and an unbalanced immunenssspesults in submerging of the alveoli with
fluid, and subsequently impairing the epitheliallc®f the alveoli, interfering @ exchange

which leads to acute respiratory distress syndromudtji-organ breakdown, and eventually death
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(Huang et al., 2020; N. Zhu et al., 2020). Intenggy, in addition to pulmonary epithelial cells,
the ACE-2 receptor was observed in epithelial cellsther orangs such as the gastrointestinal
tract (GIT) and liver, which implied that these mga could be served as possible targets of
SARS-CoV-2 invasion (Ding & Liang, 2020). In a syuoh the patients who tested COVID-19
positive obtained from stool samples, but negatik@n respiratory samples, the tissue
specimens from GIT were collected (Uno, 2020). dsweported that the ACE-2 receptor and
SARS-CoV-2 nucleocapsid protein were chiefly obedrin the cytoplasm of epithelial cells of
the stomach, duodenum, and rectum. Therefore, #ual-bral route for SARS-CoV-2
transmission could be possible, and more studiesldhbe conducted to evaluate the risk of
infection under this condition.

The actions necessary to prevent the spread oirtfastion are maintaining personal and
respiratory hygiene, and physical distancing. Tire feported reproduction number of COVID-
19 infection is between 1.4 and 6.5, with an averay3.6 compared with Ebola, MERS, and
H1N1, which were less than 2.7, indicating the CDAIB infection is highly contagious. This
value can be decreased through different mitigatitvategies such as travel restriction and
physical distancing. It is extremely recommendetbtixdown offices and academic institutions
and stop unnecessary gatherings with a large nuaflggople. Otherwise, it is recommended to

work with the minimum number of personnel (Bandydipay, 2020).

3. Foodborneviral infections

Food contaminations may occur anywhere of the &ggply chain, including pre-harvest, post-
harvest, manufacturing, distribution, and just ptm consumption (Mousavi Khaneghah et al.,
2020). Source of plentiful outbreaks linked to doasumption of various types of contaminated

food sectors such as deli meat, vegetables, besfedlfish, and a numerous of ready to eat
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foods (e.g., sandwiches, bread rolls, bakery prisdeold meat, pastries, and ice cubes (Pe&trovi
& D’Agostino, 2016).

The fecal-oral route is considered as a frequetitwzsy for transmission of foodborne viral
infection. This transmission pathway usually ocdlwsugh the ingestion of viruses that present
as a very small piece in feces by other people &t ag it can be transmitted to people by
ingestion of vomitus pieces that have been scattieoen infected people (Miranda & Schaffner,
2019). Table 1 demonstrates a brief outlook on hoode viruses. In the following section, the

main foodborne viruses would be discussed.

3.1. Hepatitis A virus (HAV)

HAV is a nonenveloped RNA virus, a member of theoRiaviridae family, is the causative
agent of acute inflammatory condition of the ligtirneisen et al., 2010). Among all Seven
HAV genotypes have been recognized, three genotiyifest humans (I, 1l, and Ill). HAV is
responsible for an acute self-limited infection,iethis typically mild and subclinical in infants.
This virus infects people living in areas with paanitation, so the risk is highest in developing
countries. Transmission is most commonly persopeison, but can occur as the foodborne and
waterborne spread, among injection drug users arelyr by infected blood products. HAV
infection generally is characterized by acute omset early signs, including low-grade fever,
anorexia, malaise, myalgia, and vomiting (Long,ero & Fischer, 2017).

It is estimated that HAV infection annually resdlt@ roughly 1.5 million clinical cases in
worldwide, and death occurs in about 0.2% of céhicases; however, the real statistics of
infected people is about 10 times higher due toeumnchderreporting (Franco, Meleleo, Serino,
Sorbara, & Zaratti, 2012). A relatively low numbar viral particles as low as 10 to 100 can

cause HAV infection in humans. The incubation peérgenerally ranges between 15 and 50
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days, during which the viral particles are shedahyinfected person. The prevalence of HAV is
correlated with sanitation, unavailability of safd@nking water, and socioeconomic condition
(Agrawal et al., 2019). Although most outbreakdHéfV take place during the establishment of
food products and due to cross-contamination bgoa thandler, contamination of food before
distribution lead to more widespread foodborne m#ks. Decrementation of the foodborne
transmission route of HAV may be feasible througiprapriate food handler sanitation, the
enhancement in the production of foods, and pesigdccination of personnel at risk for HAV

(Shah et al., 2020).

3.2. Norovirus (NoV)

NoV, also known amvinter vomiting bug, is a non-enveloped RNA virusldmnging to the
Caliciviridae family with arch-like capsomeres ohetcapsids. Human NoVs, which are
responsible for the foodborne disease, are the naise of gastroenteritis outbreaks throughout
the world (Lane, Husemann, Holland, & Khaled, 201cording to the amino-acid sequence
of NoV protein structure, NoVs have been dividet iseven groups based on their genotypes:
Gl to GVII (Vinjé, 2015); Gl and GlI are the mogtiated genogroups to human diseases, while

type IV has rarely been implicated in outbreaks. G lltdis$ are the major cause of human NoV

outbreaks, with up to 80% of infections. Multipleutes of transmission are identified such as
person-to-person and upon exposure to contamintted, fomites, water, or aerosolized
vomitus particles. Studies showed that the commouarces of norovirus outbreaks are
contaminated shellfish, produce water, and reaeato(RTE) foods (Robilotti, Deresinski, &
Pinsky, 2015). NoV infection usually manifests asta-onset vomiting with non-bloody, watery
diarrhea, after an incubation period of 12 to 48irko Other symptoms include nausea,

abdominal cramps, and occasionally low-grade fever.
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It is estimated that human NoV infection annualtads to almost 700 million cases and
220,000 deaths in the globe (Bartsch, Lopman, Oz#&la#l, & Lee, 2016)In general, NoVs
possess a low infectious dose of about 10 virdigias. The principal origin of NoV foodborne
outbreaks is food products washed with tap watgrocessed by food handlers who have poor
self-hygiene, and ingesting raw foods without appede cooking treatment. These food
products include salads, vegetables, fruits, sastugi, shellfish, and oysters (P. K. S. Chan,

Kwan, & Chan, 2017).

3.3. Rotavirus (RV)
RV is a double-stranded RNA virus belongs to thevRelae family, with at least 7 different
antigens (A to G) (Mizukoshi et al., 2014). The aragause of RV infection in humans is
associated with rotavirus Group A; however, pedyalee also been infected with RV Groups B
and C. Rotavirus is the main causative agent ahiiie diarrhea and the most common cause of
hospitalization due to infantile gastroenteritigndustrialized countries. While the mortality rate
due to RV infection is very low in developed couggr RV is the main cause of mortality in
developing nations. RV infection causes non-blodidyrhea, often with fever, and clinical signs
typically last between 3 to 8 days. The most vidbkr population that is affected is children less
than 5 years of age. RVs are transmitted by thal4e@l route, or via aerosol droplets between
people. The seasonality of rotavirus infectioneissl evident in tropical climates, but the disease
is still more prevalent in the cooler and drier ien(Long et al., 2017; Percival, Yates,
Williams, Chalmers, & Gray, 2014).

Before the application of RV vaccination, this dise in the US annually caused 3 million
disease episodes, involving half a million outpdtieisits, and 60,000 rehabilitation, but

resulting only in 20 to 40 deaths. Fortunately, statistics suggested a decreasing trend of

10



201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

annual mortality rate caused by RV infection fro@8®00 in 2000 to 215,000 in 2013 (Liu,
2019). Similar to NoV, RV also has a low infectiailsse of about 10 viral particles. It is worthy
of note that RV has high stability on hands at @fiedtious dose for about 1 to 4 h. Besides,
washing hands with soap and water is not effediweRV removal. Thus, there is the risk of
contamination of food products by food handlers &r®shedding the viral particles. It has been
appraised that about 4% of RV cases may source fomd products, especially shellfish,
contaminated during initial processing phases omfrwater (Sanchez-Uribe et al., 2013).
Alcohol-based disinfectants are highly suggested psactical way to alleviate RV infectivity

(Golin, Choi, & Ghahary, 2020).

3.4. Other foodborne viruses

Other foodborne viruses such as adenovirus, Aiglisy HEV, astrovirus, and enterovirus are
not as prevalent as the main three viruses disdusdseve. The infection caused by latter viruses
often leads to less severe illnesses, comparedAd, MoV, and RV, which are usually self-
limited. Besides, some of them may be endemic fepecific region, e.g. Aichi virus (Liu,
2019). Contaminated sea creatures such as oysteshatifish as well as some other ready to eat
foods are the main vehicle for the transmissionth&fse viruses (Benabbes, Anga, Faouzi,
Rhaissi, & Nourlil, 2013; La Rosa et al., 2018; Rarzo et al., 2018). In addition to GIT-related
symptoms, adenoviruses can be causative agentmif@r to severe respiratory infections in
humans (Liu, 2019). As these enteric viruses mectio be spread from person-to-person, food
products can be considered an ideal vehicle foir tthansmission. Establishment of good
hygiene practices during food processing by fooddlas, and maintaining self-hygiene by
consumers prior to the ingestion of food produ@s be notable advice to hamper the risk of

infection outbreaks.
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4. Various transmission routes of SARS-CoV-2 and the probable function of foods as
carriers

These viruses have zoonotic origins and are ihittehnsmitted from animals to humans. Figure
1 illustrates the recent discoveries about the hm@egonavirus. Asymptomatic and pre-
symptomatic patients can transmit the infectiomstimaking it difficult to control the outbreak
(Limeres Posse, Diz Dios, & Scully, 2017). Basedtmcurrent information taken from several
studies, a wide range of contamination of the smhfoarket might be the initiation source of the
COVID-19 outbreak in Wuhan, China (Jalava, 202@) date, the various transmission modes of
SARS-CoV-2 have not been completely determineds Tihfection can spread through the
respiratory tract like SARS and MERS (J. F. W. Clearal., 2020). Person-to-person spread,
which can occur through droplets formed by a congbneeze as well as contact with spatters of
infected persons, is considered as an essential fior the universal extension of the outbreak
(Dhama et al., 2020; Pressman et al., 2020). Theltref an investigation on the stability of
SARS-CoV-2 in aerosols and on varied inanimateasad manifested that the SARS-CoV-2 can
be viable in aerosols for up to 3 hours and on sama@imate surfaces such as copper,
cardboard, and plastic or stainless steel for up @4, and 72 h, respectively (van Doremalen et
al., 2020). Although CoVs possess the capabilitpgonfectious on food and/or food packaging
from several days to several weeks, the infectipdtency declines as time passes (D. Li, Zhao,
& Tan, 2020). So far, any document has not beeorteg about the transmission of SARS-CoV-
2 through foods and/or food packaging materialeg®mnan et al.,, 2020). Nevertheless, the
probability of foodborne transmission cannot beleded because of a study has demonstrated
that the nucleic acid of SARS-CoV-2 has been foundhe fecal paradigms of COVID-19

patients, whilst they indicated neither gastroitites signs nor correlation to the severity of lung
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infections (Dhama et al., 2020; Zhang, Wang, & X2@20). The existence of the SARS-CoV-2
RNA in feces proposes the possibility of fecal-osgdread (Gao, Chen, & Fang, 2020).
Accordingly, foodborne outbreaks principally may aused by not only carry-over
contaminations, for instance, food contaminaticdlgh preparation by infected personnel, and
contamination of food products within the manufacty procedure, but also carrying-through
contaminations, e.g. ingestion of meats, organd,ather products of animal origin harboring a
zoonotic virus (Velebit et al., 2019). A recentlylpished review suggested that foods may carry
SARS-CoV-2 (Duda-Chodak, Lukasiewicz,¢Zi Florkiewicz, & Filipiak-Florkiewicz, 2020).
However, the risk of SARS-CoV-2 survival under centional processing and storage
conditions of food products has not been discugsédlo the best of our knowledge, the risk of
fecal-oral route infection by SARS-CoV-2 in peomentracted gastric diseases, e.g., gastric
intestinal metaplasia and atrophic gastritis, igysbing (Uno, 2020). In other words, elderly
people with the mentioned diseases usually haveehigH values in the stomach (even 5 to 7),
so the virus may survive the gastric condition antdsequently absorb to ACE-2 receptors.
Then, COVID-19 with gastrointestinal symptoms maypen. All in all, the risk of COVID-19
infection through the fecal-oral route, and patady by SARS-CoV-2 contaminated foods,

should not be underrated.

4.1. Effect of food composition on the survivalARS-CoV-2

Although there is no direct evidence about the ichd food components, e.g., water activity

(aw), pH, protein, fat, sugar, and minerals, on SABRV-2 stability, the general data about the
effect of these intrinsic factors on food-borneuggs might come in handy. Coronaviruses are
generally susceptible to acidic pH; however, it waggested that SARS-CoV-2 is stable in a

wide pH range from 3 up to 10 (Chin et al., 2020]i2020). Then, it must have been stable in

13



270 almost all food products. Straube et al. (2010)orel that the avian influenza virus was
271  inactivated in solutions containing 0.15, and 0.R%-lactic acid, pH range 4.40 to 4.70, and
272 3.80to 3.91, respectively, as opposed to 0.1%clacid solution (pH = 5.80 to 5.99) (Straube et
273 al., 2010). Fortunately, lower pH values decline tleat stability of viruses (Goli, 2020). In other
274 words, it was observed that coronaviruses are rstable at 4°C than higher temperatures
275  (Kampf, Todt, Pfaender, & Steinmann, 2020). Asphkevalue decreases, the detrimental effects
276 of higher temperatures on the virus will be morenpunced. As was stated, the highgrira
277  herbs, fruits, and vegetables might promote thesigeity of enteric viruses to heat treatment
278  (Bozkurt, D'Souza, & Davidson, 2015). Besides, &ecli correlation between food protein
279  content, and viral stability against thermal treatitnwas also observed. For instance, Rabenau et
280 al. (2005) discerned that heat treatment of SARS-@nsolutions with and without protein
281 (20% fetal calf serum) led to about 1.93 and 5.04 teduction in viral titer, respectively
282 (Rabenau et al., 2005). Similarly, higher fat cotdeexert noticeable protection effects on
283  viruses. More to the point, the thermal treatmdnhitk constituting different fat levels from 1
284 to 18% at 71°C resulted in an increment on D-valfi¢lAV from 1.64 to 3.16, respectively
285 (Bertrand et al., 2014; Bozkurt et al., 2015). &aging the sugar level of food products would

286  also contribute to enhancing viral heat resistdBegtrand et al., 2014).
287  4.2. Various food products and SARS-CoV-2

288 In the following section, the risk of some stapdeds, including meat and meat products, dairy
289  products, bread, vegetable, fruits, and RTE asnpiatecarriers for SARS-CoV-2 transmission
290 would be discussed. Figure 2 illustrates the ptsghthways of food contamination by SARS-

291  CoV-2 and strategies to reduce viral transmiss&into various kinds of food products.
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4.2.1. Meat and meat products
Meat and meat products bestow invaluable amountsadronutrients such as proteins, and
essential lipids as well as micronutrients sucir@s and some vitamins to human beings which
are crucial for maintaining well-being (Kulazgki, Sidor, & Gramza-Michatowska, 2019).
Notwithstanding all the benefactions which the econgtion of meat brings us, it has always
been a source of deleterious food pathogens, imgudsteria monocytogenes (M. Zhu, Du,
Cordray, & Ahn, 2005)Salmonella spp. (Knudsen, Sommer, Sgrensen, Olsen, & Aahhl)20
Escherichia coli O157: H7 (King et al., 2014), and HEV (Birgen, BjuKaindi, Ogutu, &
Owade, 2020). Therefore, meat and meat productsié¢ie considered as a potential origin of
outbreaks in case of poor hygiene conditions otg@ssing as well as cross-contamination. Meats
such as seafood, beef, poultry, and pork are ocinces of heparin and heparan (Pressman et al.,
2020). The latter compounds are involved in SARS~Qoviral attachment onto target cells
(Mycroft-West et al., 2020); thus, the viral transsmon through meat and meat products may be
feasible. It is recommended that raw meat propkdst treated> 60°C for at least 30 min)
before consumption. Besides, the consumption ofegamaat should be restricted (J. Li et al.,
2020). A recent study has demonstrated that SAR&-Z oan infect pig and rabbit cells under
in vitro conditions (Chu et al., 2020). Thus, it safer for wholesale meat distributors and
retailers to provide raw meat from units possesgomy manufacturing practices, good hygiene
practices, and good agricultural practices (GARjifegates as carry-through contamination of
meat by SARS-CoV-2 can be possible.

In the commercial processing point of view, sausagel hamburgers are the most popular
meat products. Sausages are usually trade as ravggked or cooked, and/or smoked. During

the cooking process, sausages are heat-treated thmticore temperature reaches 74-76°C
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(Sukumaran et al., 2018). This thermal process sdetn be appropriate for SARS-CoV-2
elimination. One study suggested that heat treatmed0°C for only 5 min decreased SARS-
CoV-2 viral load from about 6 log TCID50/mL to amdetectable number, whereas the viral
count maintained roughly unchanged at 4°C for 14sdéChin et al., 2020). Therefore,
substantial caution is required to be taken dutimggprocessing of raw and precooked sausages
as they do not receive adequate heat treatmentfoldte production units should screen the
COVID-19 symptoms among the personnel, especiathge who are in direct contact with the
processing line. The SARS-CoV-2 viral load may dleodestructed during the heat processing
of hamburgers (until the cold point reaches 721@né Filho et al., 2019). Detection of SARS-
CoV-2 on the imported frozen chicken wing from Braz considered the first recognition of
novel coronavirus on actual foods (Han et al., 20B&sides, hamburgers are fired prior to
consumption, which minimizes the risk of SARS-CoMransmission. It is worth mentioning
that freezing temperature during the storage ofthagers may not be effective on the reduction
of the SARS-CoV-2 viral load. Thus, personnel sbobk cautious not to contaminate the

product during transportation and cold storage.

4.2.2. Dairy products

Milk is the most consumed dairy product in the g@dlFFAO, 2013). Although milk and milk
products are lucrative sources of nutraceuticath sas proteins, calcium, and vitamin D, they
might be contaminated to some pathogenic microasgas) includingListeria monocytogenes,
Salmonella spp., Campylobacter jejuni, and E. coli O157: H7 (Keba et al., 2020). Thus, heat
treatment of milk is mandatory in most countriesimy industrial processing, as it ensures the
safety of milk consumption. However, lots of peoplehe world may prefer to consume milk

on-farm due to a lack of trust in industrial pragiag and possible adulteration (Viktoria Rampl,
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Eberhardt, Schitte, & Kenning, 2012). During theMII®19 pandemic, the ingestion of raw
milk without any thermal treatment is not recommeshddue to the risk of cross-contamination
by food handlers. In other words, SARS-CoV-2 may dmead through raw milk and
subsequently infect the consumer. Furthermore, diwld heating of raw milk is not a good
alternative, as the nutritional value of milk maypnsiderably decrease. Therefore, the
consumption of commercially heat-treated milk wieetipasteurized or sterilized could be a
reasonable choice. However, considering the higipégature short-time (HTST) pasteurization
of milk (about 71°C, 15 s), the risk of SARS-Co\&irvival exists as the time of heat treatment
may not be ample for the destruction of viral pdes. In this context, the ultra-high temperature
(UHT) treatment (130-150°C, 3-5 s) of milk may berm effective in the reduction of the viral
load because of the high temperature (S, 2020jdBgsthe latter process has lower detrimental
effects on milk nutritional value compared to hdwdd heating. It is worth mentioning that it
was reported some milk components such as ladiofdactadherin, and glycomacropeptide
possess antiviral role against various virusese@aly HIV (Giansanti, Panella, Leboffe, &
Antonini, 2016), so that it also may have antiviegdtivity against SARS-CoV-2, which is
suggested to be investigated.

Yogurt is another popular dairy product. It is esieel that the SARS-CoV-2 viral load
considerably decreases to a non-detectable vakilegdihe heat treatment of yogurt milk (90°C,
15 min) before the fermentation stage (Mortazavi&@horbanipour, Mohammadifar, &
Mohammadi, 2011). However, the risk of cross-comtaton after heat treatment should be
considered. By the end of fermentation, the finkl ppaches a value of about 4.5. The
metabolites which are produced by starter cultunguding lactic acid, KO,, and bacteriocins

have significant inhibitory effects against variotspes of bacterial pathogens such as
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Samonella spp., andSaphylococcus aureus (Azizkhani, Saris, & Baniasadi, 2020). It was
observed that SARS-CoV-2 was stable in a greatggdtsum ranged from 3 to 10 (Chin et al.,
2020). It may briefly explain the reason for thgher spread rate of SARS-CoV-2 in contrast to
the other CoVs including SARS-CoV and MERS-CoV (Abakr, Sharafeldin, & Goyal, 2020).
Thus, there is a risk of SARS-CoV-2 survival andntaning its infectivity during refrigerated
storage. It is noteworthy that some studies sugdesite antiviral role of lactic acid bacteria
metabolites (Tachedjian, Aldunate, Bradshaw, & CA&®l7). Following the WHO statement,
SARS-CoV-2 can be remained stable for up to 2 yaar20 °C. From detecting at least nine
occurrences of food contamination by SARS-CoV-2mported frozen foods in China (Han et
al., 2020), it can be concluded that several frodamy products such as ice cream, frozen
yogurt, and frozen dairy desserts may act as carfog the novel coronavirus. Therefore, more
studies are needed to be conducted to evaluateskhef transmission through dairy products.
Taken together, as SARS-CoV-2 majorly transmittebugh humans, the industrialized
food production units with lower staff as well asnm machinery processing would distinctively

reduce the risk of food contamination by SARS-CaV-2

4.2.3. Bread

There are various types of bread in the world fdatea by different cereals such as wheat, rye,
oatmeal, and rice. Each of these bakery produdstbapecifications and particular nutritional
values (Rasane, Jha, Sabikhi, Kumar, & Unnikrish2843). Bakery units usually are classified
into two groups; traditional and commercial. Kimweta al. (2005) reported a Salmonellosis
outbreak among people who ingested food from restdisiin Southern California and Arizona.
The results of investigations determined that theee of the outbreak was the bread which was

prepared by an ill food handler in a commercialdsglunit (Kimura et al., 2005). Therefore, the
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risk of carried-over contaminations via bread, whis processed, whether in commercial or
traditional units, may cause concerns. Although ¢heking process of bread may devastate
SARS-CoV-2, the cross-contamination of the finabduct by infected food handlers can be
possible. Besides, the contamination riskhigothesized to be higher in traditional bread
processing units compared to industrial ones. Tieegutions would be monitoring the food
handlers in case of presence of COVID-19 symptomajntaining self-hygiene by food

handlers, and household heating the bread befouaaption.

4.2.4. Vegetable and fruit

The consumption of vegetables and fruits is cilitica preserving human well-being. These

nature-originated products are often considerechesthy by consumers. Hence, excessive
cautions should be taken to safely distribute tlmmong the population. To our knowledge,

negligence in planting to harvest process woulc gige to catastrophic outbreaks (Herman,
Hall, & Gould, 2015). The contamination of vegetabhnd fruits are often struck by irrigation

with sewage (Rusifiol et al., 2020). As evidencewshthat COVID-19 infected patients can

excrete viral particles, there are concerns aboaitpresence and stability of SARS-CoV-2 in

sewage. In other words, if plans and trees argaited by sewage constituting SARS-CoV-2,
then there will be the risk of COVID-19 outbreakbigh were spread through contaminated
vegetables and fruits. It is wrong to presume #uatlight would disinfect the SARS-CoV-2 as

the main component of sunlight is in the ultraviddespectrum (320-400 nm), which is almost

ineffective against SARS-CoV-2 (Seyer & Sanlida@2@). Precautions can be implemented via
several procedures, including providing the lattemmodities from orchards, farms, and

greenhouses possessing GAP certificate, avoidirg itlgestion of unwashed fruits and

vegetables, and peeling the skin of these comnasdstich as banana, orange, lemon, onion, and
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potato. Concerning commodities that cannot be pesleh as parsley, basil, chives, and berries,
sufficient washing practice with appropriate disitcthnts such as free chlorine solution (about 30
mg/L), Chlorine Dioxide (diluted by water at 1:2r&tio), and sodium hypochlorite (0.25 %)
(Quevedo-leodn et al., 2020). It was reported thatefficiency of washing in the removal of viral
particles from fruits and vegetables was highlyoagded with their surface roughness. One
study reported that washing raspberries with ch&ddd water were less effective in the removal
of HAV compared to other types of berries and vaglels (Butot, Putallaz, Amoroso, &
Sanchez, 2009). This could be ascribable to theepie of crevices and hair-like projections

which protect viral particles against the detrinaésituations.

4.2.5. Other foods

Nuts such as almond, walnut, peanut, pistachio, remtIinut are considered microbiologically
safe from the viewpoint of consumers due to theiv moisture content. However, there have
been several outbreaks associated with these fomdugts (Brar & Danyluk, 2018; Keller,
2014). The cross-contamination of nuts may occura@y point in production, including
harvesting, processing, transportation, or ingas{@RAR & DANYLUK, 2018). Nut-related
outbreaks majorly transpired by pathogens such Sasaureus, Salmonella spp., L.
monocytogenes, E. coli O157: H7,Cronobacter, Clostridium perfringens, C. botulinum, and
Bacillus cereus (Brar & Danyluk, 2018; BRAR & DANYLUK, 2018). Thenfiltration of
pathogens into the inner layers of nuts resultbigher thermal stability in comparison with
superficial pathogens (BRAR & DANYLUK, 2018). Moneer, owing to the high-fat content of
nuts, more intense heat treatment is required hibiinthe bacteria (BRAR & DANYLUK,
2018). As SARS-CoV-2 possess high stability in smwnental condition, the carry-over

contamination of nuts may happen. Confectionaryestare considered as very crowded places

20



430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

with lots of people. In this condition, if nuts vweerexposed to air, then they would be
contaminated by the infected individuals. As thésrusually are not further processed at home,
the risk of viral spread through nuts may incred$ris, the nuts in confectionary should not be
exposed to the direct contact of the public. Furtftge, the same precautions should be
established for dried fruits, date palms, and tteeoRTE food products, as the carry-over
contamination may happen (Beuchat & Mann, 2014d@dRrandlers shall be trained to carefully

process foods in a way that avert any chancesogbarontamination during processing.

4.2.6. Street-vended foods and restaurants

Street food is considered as a major origin of-edfgictive and ready to eat food or beverages as
well as an important segment of the urban food lyujat usually sold and made via peddlers in
the public regions. A wide variety of foods suchnasat, fish, fruits, vegetables, grains, cereals,
frozen products, and beverages recognize as $t@et Owing to vendors do not own adequate
information toward food safety, this type of fo@dnot trusty and may cause illnesses originating
from foods throughout the world. The quality of ravaterials to food manufacturing and storage
may affect street-vended food safety (Ranka, 2020).

Even though food contamination can take place atpamnt from farm to fork, restaurant food
handlers are an ordinary root of foodborne outlsedkverse pathogens, includiisglmonella
spp. (Eikmeier, Medus, & Smith, 201&)gionella anisa (Smith et al., 2015). coli O157: H7
(Hussein & Bollinger, 2005), Giardiasis (Ryan, BWji, Feng, & Xiao, 2019), and norovirus
(Angelo, Nisler, Hall, Brown, & Gould, 2017) havedn hitherto reported to be associated with
restaurant-originated foodborne outbreaks. It wgmned that 66% of outbreaks in the USA
from 2006 to 2007 were associated with restaur&weeral factors, such as food handler health,

food preparation practices, and contamination goaeaching the restaurant, are reported as the
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main etiology of restaurant-related outbreaks (@ptosenblum, Nicholas, Phan, & Jones,
2013). Amongst the latter factors, food handleriéyg and health was estimated to possess the
highest influence (64% of cases) on food contarimnain the USA (Gould et al., 2013).
Therefore, these statistics profoundly highlighe tgreat impact of food handlers on the
occurrence of food-associated outbreaks. Besitlesairborne spread of SARS-CoV-2 is also
possible, particularly in indoor environments (Meska & Cao, 2020). Thus, eating foods in
indoor and busy restaurants next to lots of pesoleld remarkably increase the risk of COVID-

19 infection.

Some approaches, including sanitation, wearing masparation of kitchen from the public,
sitting consumer six feet away from the person nextim, and preferably not eating foods in
public or at least ingesting foods in open-air aasints are recommended during the COVID-

19 pandemic.

5. Conclusions

The globe populations are now facing with unacausid species of coronavirus, known as
SARS-CoV-2, which caused not only great human ifas) but also a world economic crisis.
Some strategies and guidelines, including quaransocial and physical distancing, have been
proposed to manage and control the viral pandeAscthere was no confirmed vaccine or
medication for the treatment of SARS-CoV-2 infestigpreventive actions such as washing
hands(for at least 20 seconds), wearing masks in thdigQubaintain respiratory system
hygiene, and avoiding from direct contact with induals who are having symptoms, should be
considered. SARS-CoV-2 is predominantly an airbanfection, and recent studies have
suggested that contracting the infection througidfand/or food packaging may not be possible.

However, this suggestion should not be taken fanigd, as there are mere studies about this
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context, and SARS-CoV-2 possesses high stabilignvironmental conditions. Furthermore, as
viral particles were observed in fecal samplesectdid from COVID-19 positive patients, the
fecal-oral transmission route should be studiedeumdore investigations. It is worthy of note
that both carry-through and carry-over contamimegimmay occur for meat and meat products as
there are pieces of evidence suggesting that SARSZXinfection can be transpired in pigs and
rabbits. Besides, infected food handlers can conizten various foods, including meat products,
dairy products, bread, fruits, vegetables, and a@gicly materials. Concerning the food
processing approach, industrial production may hswee advantages over traditional one,
especially because of the substitution of staffriachinery, reduction of direct contacts of food
handlers with products, and maintain nutritionalueato a large extent. Principally, the
manufacturers of RTE and frozen products, includoggcream and frozen yogurt, should be
cautious about the cross-contamination of thesdymts by SARS-CoV-2 as they could not be
further processed at home. Regarding food preparatits, 1ISO-22000, and HACCP guidelines
are suggested to be precisely implemented. Beybat the efficiency of novel technologies
such as pulsed electric field, cold plasma, andh-piggssure processing, are suggested to be
investigated in the elimination of SARS-CoV-2 asdh techniques possess minor deleterious
impacts on the nutritional values of food produ&sople have to pay attention to the hygiene
instructions advised by WHO while shopping for famimmodities. Consumers are suggested to
immediately dispose of the packaging materialsraftgpacking the food products, and not to
ingest raw foods, especially meat products. Theeefearious cooking approaches should be
implemented at temperatures higher than 60°C fteast 30 min. Furthermore, we propose the
daily ingestion of foods containing bioactive compnts and probiotics, as the role of these

compounds in reinforcing the immune system has beelh established. More studies are
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suggested to be conducted considering the foodpmssible vehicle for SARS-CoV-2 to shed

light on the exact transmission modes of this virus
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Figure captions:

Figure 1. Recent discoveries about SARS-CoV-2. The items which were determined by (?)
mark was under preliminary studies.

Figure 2. The risk of contamination of various food products by SARS-CoV-2 and suggested
strategies to mitigate this risk.



Tablel. Foodborne virus¢

Virus Genomic typ Family Diseas Transmissio Main contaminatet Clinical symptom
foods
Norovirus  Single-strandec  Calciviridae Gastroenteriti «  Directly from person-to- Bottled water Nausea, vomiting
RNA person imported frozen non-bloody watery
e Via contaminated water raspberries, diarrhea, abdominal
and food oysters, Frozen pain, and
strawberries, and  occasionally low-
lettuce, grade fever
crustaceans,
shellfish, mollusks,
and leafy greens
HAV Single-strandec  Picornaviridae Hepatitis # « Fecal-oral route (eating Seafood Low-grade fever
RNA contaminated food or  strawberries, fatigue, nausea,
water) frozen berries, anorexia, malaise,
« Rarely by infected blood pomegranate arils, myalgia, and
products hamburgers, green vomiting
onions, milk, and
ice-slush beverages
Human Double strande  Reoviridae Rotaviral * Fecal-oral route Watel Nausea, vomiting
rotavirus RNA enteritis « Via aerosol droplets watery diarrhea, and
between people low-grade fever
HEV Single-strandec  Hepeviridae HepatitisE  « Fecal-oral route Water vegetable Malaise, fever, bod
RNA (contamination of strawberries, aches, nausea,
drinking water supplies raspberries, vomiting, dark-
with human feces) shellfish (oysters, colored urine, and
« Zoonotic foodborne bivalves, and jaundice
« Person-to-person mussels),
« latrogenic undercooked meat
(pork, wild boar, or
Sika deer)
Table1l. Continue
Virus Genomic typ Family Diseas Transmissio Main contaminater Clinical symptom




foods

Astrovirus  Positive-sense Astroviridae Astroviral * Fecal-oral route Water, leafy gree  Gastroenteritis, mili
single-stranded diarrhea (contaminated food, vegetables and soft watery diarrhea,
RNA virus water, and fomites) fruits, shellfish abdominal pain, loss
(clams, mussels, of appetite,
and oysters), vomiting, and fever
salads, sandwiches,
garnishes, and
turkeys
Adenoviru:  Double-strandec  Adenoviridae Respiratory e« Foodborne and Water, ice, sausa¢ upper and lowe
DNA virus tract waterborne transmissiondish, shellfish respiratory tract
infections (clams, mussels, infections,
Gastroenteritis and oysters), gastroenteritis,
Ocular strawberries, ocular infections,
infections frozen berries, and hemorrhagic
leafy green cystitis, hepatitis,
vegetables hemorrhagic colitis,
pancreatitis,
nephritis, or
meningoencephalitis
Aichi virus  Positive-sens Picornaviridae = Gastroenteritt « Fecal—oral route Oysters ani Nausea, diarrhe:
single-stranded seafood abdominal pain,
RNA vomiting, and fever
Sapovirus Linear positive Caliciviridae Gastroenteriti « Fecal-oral route Salad, river wat,, Diarrhea, fever, an
sense single- (contaminated food and and Oyster vomiting
stranded RNA water)
e Environmental sources
* Person-to-person
contact
Human Single-stranded  Parvoviridae Erytheme « Respiratory secretions Shellfist Neutropenia, fevel
parvovirus mostly negative- infectiosum « Blood lymphopenia, and
sense DNA Gastroenteritis «  Maternal-fetal pathway thrombocytopenia
viruses + Fecal-oral route (not
zoonotic)
Virus Genomic typ Family Diseas Transmissio Main contaminater Clinical symptom




Tablel. Continuet

foods

SARS-
CoV

MERS

SARS-
CoV-2

Positive-sense
single-stranded
RNA

Positive-sense
single-stranded
RNA

Positive-sense
single-stranded
RNA

Coronaviridae

Coronaviridae

Coronaviridae

Respiratory
infection .
Gastroenteritis «

Respiratory
infection
Gastroenteritis «

Respiratory
infection .
Gastroenteritis

Person-to-person
(respiratory secretions
Fecal-oral route
(zoonotic, or food
handler transmission)

Zoonotic transmission
Person-to-person
Fecal-oral route
(zoonotic, or food
handler transmission)

Person-to-person
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